The ionospheric observatory Pruhonice serves to monitor the state of ionosphere using ground-based vertical sounding instrument -the Digisonde DPS-4D. Measured ionograms are automatically evaluated (scaled) and basic characteristics are derived. The ionograms and the scaled parameters are sent to the international databases. Especially during disturbed conditions the automatic scaling could give unreliable results. This paper presents simple method how to detect accidental errors in automatic scaling based on the parameters derived from ionograms and on an application of the finite impulse response filters.
INTRODUCTION
The Digisonde DPS4-D installed at the observatory Pruhonice (50
• N, 14.5
• E) is used to monitor the ionosphere with the regular interval of 15 minutes [1] . Ionograms obtained by the Digisonde are automatically scaled using the special software ARTIST which is implemented in the Digisonde and this information is used to compute profile of electron concentration [2] . Automatic scaling is based on identification of characteristic shapes of the wave reflection and the results are sent to the international databases. The data are later used for local/global mapping and forecast of the main ionospheric parameters. At times, especially during geomagnetically disturbed conditions, various problems occur despite relatively high quality of the software (eg, secondary reflection or only parts of primary reflections are identified, or presence of the sporadic E layer shields upper laying layers etc.). Manual correction of the automatically scaled ionograms is time consuming and, in general, only small amount of ionospheric data can be checked by human. The aim of our work is to facilitate the control of the quality of the automatically scaled Digisonde data by means of a preliminary identification of possibly incorrectly scaled (miscaled) ionograms. This will lead to reduction of the total number of ionograms designed for the manual correction to only ionograms with increased probability of miscalling. The ionograms identified as incorrectly scaled are manually checked and, in case of need, corrected. An example of application of the proposed method of the preliminary ionogram scaling control based on the Total Electron Content (TEC) obtained from the GNSS and the Digisonde is described in the paper [3] .
The method presented in this paper is based on the using of data from the Digisonde without fusion of sensors. In this case, digital filters can be used for automatically control process of miscalled ionograms. Digital filters are described in [4] and [5] . For our purposes, we use the MA (Moving Average) filters. Filters are applied on ionospheric parameters, namely total electron content (TEC), maximum plasma frequency (critical frequency f 0 F 2 ) of the F 2 layer, and virtual height of the F 2 layer (hF 2 ).
IONOSPHERE AND IONOGRAM
Ionosphere is ionized part of the Earth atmosphere starting at the heights at about 60 km. Ionospheric parameters (eg, critical frequency or height of ionospheric layers) are crucial for electromagnetic wave propagation [6] .
Ionogram is a graph of virtual height of signal reflection plotted against the frequency of the signal. The term virtual refers to a method of computation when we assume that the signal propagates with a speed of light c. More realistic values of electron density are estimated from the ionogram using Digisonde standard software based on inverse methods. Fig. 1 and Fig. 2 show ionogram obtained during the night when only F 2 layer is present. As the ionogram was incorrectly automatically scaled ( Fig. 1 ), we applied manual correction to get correct information (Fig. 2) . Automatic scaling was wrong due to discontinuities in the F 2 reflection and resulted in lower value of the critical frequency f 0 F 2 . 
Total Electron Content
Total electron content (TEC) is vertical integral of electron concentration from ground up to the height of the GPS satelites. Unit of the TEC is TECu (10 16 /m 2 ). TEC can be derived from the ionogram using estimated electron concentration N (h) at a particular height h between height of ground h 1 = 0 and the height of the satellite h 2 (1). While the electron concentration below the peak of the foF2 layer is relatively well quantified using ground measurement, the top side ionospheric ionization is derived using a model [1] with a higher level of uncertainty.
We compare the Digisonde derived TEC with the TEC obtained from the GPS data [7] . An example of the digisonde derived TEC during five days with resolution fifteen minutes is in the Fig. 3 , the upper panel. In all panels of Fig. 3 black lines describe manually corrected ionograms and grey lines describe automatically scaled ionograms.
Critical Frequency and Virtual height
Critical frequency is maximum frequency which is vertically reflected from ionospheric plasma. It is defined using the (2), [8] 
An example of the digisonde derived critical frequency during five days with fifteen minute resolution is given in Fig. 3 (middle diagram) .
Virtual height of the ionospheric F 2 layer h ′ F 2 is computed from the time of flight of the reflected signal under the assumption of its velocity equal to speed of light in vacuum (3)
where c is speed of light and ∆t is the time delay between transmission of the signal and receiving of the reflected signal. Values h ′ F 2 are obtained with 15 minute resolution and are shown in the bottom panel of the Fig. 3 .
Detection of incorrectly scaled ionograms
Present method uses finite impulse response (FIR) filter. The FIR filters is based on the moving average (MA) filter, which is usually used to eliminates the extreme deviations in data series(an example of using MA filter is given in [9] ). For our purpose, filtered signals are compared with original data. Large differences are identified in the case of probably incorrectly scaled ionograms.
We propose the following algorithm to detect the incorrectly scaled ionograms:
Signal processing is performed off-line (data are analyzed just after the measurement is finished). The equation (4) is used for calculation of the values in time line of filter of M − th order.
The parameters A i are coefficients of the filter, x k+i are input data and M is order of the filter. Scheme of the MA FIR filter for 5-th order is presented in Fig. 4 . First step of applying of the algorithm is filtration of the original data. After that filtered data and original data are evaluated using the equation (5), where V T is threshold value. Ionogram is chosen as incorrectly scaled, if the condition (5) is satisfied and is further manually scaled. FIR filters principles are described in articles [4] and [5] .
Threshold values must be chosen for orders of filters and for parameter of layer F 2 . Four types of the filter orders are tested in this part of present paper (3, 5, 7 and 9) . Parameters of the F 2 -layer for the test are TEC, f 0 F 2 and h ′ F 2 . Fig.5 , Fig. 6 and Fig. 7 are graphs of dependence threshold values on the filter order. Black curves show efficiency in dependence on the threshold values and gray curves are for the price in dependence on the threshold. Efficiency is defined as a number of incorrectly scaled ionograms divided by the number of probably incorrectly scaled ionograms. Price is defined as a number of incorrectly suspected ionograms divided by a number of incorrectly scaled ionograms in dependence on the threshold values. Intersection of these curves is used to find threshold values for the order of filter.
Threshold values obtained from the graphs are given in Tab.1. The results indicate dependence of the threshold values on the order of used moving filter. When selecting the threshold values, the maximum number of ionograms expected to be incorrectly scaled ionogrmas was compared to be close to the equal. Table 2 contains comparison results (number of probably incorrectly scaled ionograms, incorrectly scaled ionograms and time savings) with relation to single parameters and to all tested filters. Our analysis showed that the virtual height seems to be the most reliable parameter for detection of the incorrectly automatically scaled ionograms as it gives the biggest time saving. Another parameter suitable for the application of the algorithm is critical frequency of the ionospheric F 2 layer. Table 3 shows results of comparison when several parameters are combined. The best result of the combination of two parameters gives the combination of virtual height and critical frequency f 0 F 2 . In general, the combinations of three parameters gives slightly better results than combination of two parameters, nevertheless time saving is smaller by 4.8 percent for five order of filter. The filter of the five order give better results for combination of two parameters (virtual height and critical frequency) than filters of seventh and ninth order for combination of all three tested parameters. The method described in this article can be applied to one ionospheric parameter, or to combination of the few parameters. Application of the method when one parameter is selected is faster, but less incorrectly scaled ionograms are detected.
CONCLUSION
The method for the evaluation of the automatically scaled ionograms by the using of elementary FIR filters was described. Tests were realized on the 5-days ionogram samples. Application of the method allows detecting incorrectly scaled ionograms and the number undetected incorrect scaling is low (at about 4%). Different orders of the moving average filters have been tested. The best results for detection of the incorrectly scaled ionograms were obtained when applying the moving average filter of the fifth order in the combination with and for using on all selected ionospheric parameters. The proposed algorithm could be directly implemented into the computer used to control the digisonde and is able automatically indicate incorrectly scaled ionograms.
The described method fails in the case of absence of correctly scaled ionograms or appearance of data gaps in the near vicinity of the evaluated ionograms.
